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1. A perpendicular magnetic recording head comprising: 
an auxiliary pole layer; a main pole layer; and a coil layer 
for providing a recording magnetic field to the auxiliary 
pole layer anfi the main pole layer, a front end face of the 
auxiliary pole\ layer and a front end face of the main pole 
layer being exppsed at an opposing face of the perpendicular 
magnetic recording head opposing a recording medium, the 
front end faces fteing separated by a gap therebetween, the 
coil layer being located inward in the height direction from 
the opposing face ,\ the perpendicular magnetic recording head 
writing magnetic da\ta on the recording medium by a 
perpendicular magnet\Lc field concentrated to the main pole 
layer , 

wherein the perpeVidicular magnetic recording head 
further comprises a nonmagnetic layer formed on the main 
pole layer and a connection layer extending from the 
auxiliary pole layer andM^eing magnetically connected with 
the main pole layer, the qpnnection layer being located 
inward in the height direction from the opposing face, the 
coil layer surrounding the ppnnection layer. 



2 . A perpendicular magnexic recording head according 
to Claim 1, further comprising ^ yoke layer for magnetically 
connecting the main pole layer t\ the connection layer. 



- 51 - 




3 - A perpendicular magnetic recording head according 
to Claim 1 , whereijp the nonmagnetic layer comprises a 
onmagnetic metal i\aterial . 

4 . A perpendicular magnetic recording head according 
to Claim 3, wherein tbe main pole layer and the nonmagnetic 
layer are formed by plating. 
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5 . A perpendicular magnetic recording head according 
to Claim 1, wherein the Vf ront end face of the main pole 
layer exposed at the opposing face has a width in the track 
width direction gradually\ increasing toward the top of the 
main pole layer. 

6 . A perpendicular magnetic recording head according 
to Claim 5, wherein the twoisides of the front end face in 
the track width direction ar^ tilted and are either straight 
or curved. 



7 . A perpendicular magnetic recording head according 
to Claim 5, further comprising a plating base layer 
comprising a magnetic material, wherein the main pole layer 
is disposed on the plating base layer, at least part of each 
of the two side faces of the plating base layer in the track 
width direction is extended beyond an end of the bottom face 
of the main pole layer in the track yidth direction, and the 
extended part is controlled to a pred)^termined width so that 
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the extended part does not protrude from the recorded track 
width Twl of the recording medium when/a skew angle is 
enerated during recording on the recording medium. 

8 . A perpendicular magnetic recording head according 
to Claim 1, further comprising a Ablating base layer 
comprising a magnetic material , /wherein the main pole layer 
is disposed on the plating basye layer, the two side faces of 

the plating base layer in thgr track width direction and the 

i 

two side faces in the track /width direction of the main pole 
layer are on a continuous plane, the width in the track 
width direction of the top face, of the plating base layer 
being equal to that of tfte bottom face of the main pole 
layer; and the width in/ the track width direction of the 
plating base layer either decreases or is maintained the 
same as the width of rhe bottom face of the main pole layer 
toward the bottom face of the plating base layer. 



9. A perpendicular magnetic recording head according 
to Claim 1, furthdr comprising a plating base layer 
comprising a nonmagnetic metal material, wherein the main 
pole layer is formed on the plating base layer. 



10. A perpendicular magnetic recording head according 
to Claim 9 , wherein the width in the track width direction 
of the platind base layer is larger than the width in the 
track width direction of the bottom face of the main pole 
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layer . 

f lA. A perpendicular magnetic recording head according 

to ClaiA 2^ wherein the saturation magnetic flux density of 
the main pole layer is higher than the saturation magnetic 
flux densiVy of the yoke layer. 

12. A perpendicular magnetic recording head according 
to Claim 2, further comprising an insulating layer embedding 
the coil layer \ the ' insulating layer being disposed on the 
auxiliary pole iayer and having the top face flush with the 
top face of the main pole layer, 

wherein the ^ke layer is formed on the top face of the 
insulating layer and the top face of the connection layer 
and has a front end ^ace located inward in the height 
direction from the opbosing face, and 

wherein the main pole layer and the nonmagnetic layer 
extend from the top fac)e of the insulating layer to the top 
face of the yoke layer, nonmagnetic layer being disposed 

between the front end faole of the yoke layer and the 
opposing face. \ 

13 . A perpendicular magnetic recording head according 
to Claim 12, wherein the fronV end face of the yoke layer 
tilts in the height direction Voward the top of the yoke 
layer and is either flat or curVed. 



- 54 - 



14. A perpenoiicular magnetic recording head according 
to Claim 2, further comprising: 

a first insulatkng layer embedding the coil layer, the 
top of face of the first insulating layer being flush with 
the top face of the aonnection layer, the yoke layer being 
formed on the top fac*s of the first insulating layer and 
the connection layer, W front end face of the yoke layer 
being disposed inward in the height direction from the 
opposing face; and \ 

a second insulating layer disposed between the front 
end face of the yoke layWr and the opposing face, the top 
face of the second insulating layer being flush with the top 
face of the yoke layer, \ 

wherpin the main pole\ layer and the nonmagnetic layer 
extend from the top face of the second insulating layer to 
the top face of the yoke laWer, 

15. A perpendicular magnetic recording head according 
to Claim 14, wherein the front end face of the yoke layer 
tilts in the height direction! toward the bottom of the yoke 
layer and is either flat or curved. 

16. A perpendicular magnetic recording head according 
to Claim 12, wherein the area oi the yoke layer is larger 
than the area of the main pole Jayer in a cross section 
taken at an overlapping region or the yoke layer and the 
main pole layer and in the direcliion parallel to the 
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opposing^ face . 

17. ANperpendicular magnetic recording head according 
to Claim 14, Vherein the area of the yoke layer is larger 
than the area <^ the main pole layer in a cross section 
taken at an overlapping region of the yoke layer and the 
main pole layer arri^ in the direction parallel to the 
opposing face. 




A method for\ manufacturing a perpendicular 
magnetic recording head\ the method comprising the steps of : 

(a) forming an auxi3^iary pole layer using a magnetic 
material ; 

(b) forming a connecti)pn layer on the auxiliary pole 
layer at a position inward mi the height direction from an 
opposing face of the perpendix:ular magnetic recording head 
opposing a recording medium, inorming an insulating 
underlayer on the auxiliary pole layer between the opposing 
face and the connection layer, forming a coil layer on the 
insulating underlayer, and filling the space surrounding the 
coil layer with an insulating layen; 



(c) |milling^the top face of 



the\ insulating layer so as 



to make the top face flush with the -ppp face of the 
connection layer; 

(d) forming a yoke layer on the insulating layer, the 
yoke layer extending up to the region abQve the connection 
layer, a front end face of the yoke layer \being disposed 



inward in the height direction from tlie opposing face; 

(e) forming a plating base layer on the insulating 
layer and the yoke layer, forming ar resist layer on the 
plating base layer, and forming am opening in the resist 
layer, the opening extending from the opposing face over the 
insulating layer and the yoke iAysr ; 



and a nonmagnetic layer comprising a nonmagnetic metal 
material in the opening and/removing the resist layer; and 



direction of the main polk layer and the two side faces in 
the track width direction of the nonmagnetic layer. 

19. A method for /making a perpendicular magnetic 
recording head according to Claim 18, wherein, in said step 
(g) f a portion of the plating base layer not overlaid by the 
main pole layer is removed by milling. 

20. A method/for making a perpendicular magnetic 
recording head according to Claim 18, wherein said step (d) 
is omitted, and gaid step (e) includes forming a plating 
base layer on thfe insulating layer, forming a resist layer 
on the plating base layer, and forming an opening in the 
resist layer, the opening extending from the opposing face 
over the insulating layer and the connection layer . 



(f) I sequentially \forming hy plating a main pole layer 




(g) / milling \the two side faces in the track width 




21. A method for making a perpendicular magnetic 



recording head according to Claim 18, wherein said step (e) 
IS replaced byvthe steps of: 

(h) fillingXthe space surrounding the yoke layer with a 
second insulating^ layer , milling the top face of second 
insulating layer "qo make the top face flush with the top 
face of the yoke layer; and 

(i) forming a Alating base layer over the second 
insulating layer andl the yoke layer, forming a resist layer 
on the plating base layer, and forming an opening in the 
resist layer, the opening extending from the opposite face 
over the second insulaiting layer and the yoke layer. 

22. A method for making, a perpendicular magnetic 
recording head according to Claim 18, wherein, in said step 
(e) , the opening has a width in the track width direction 
increasing toward the top\ of the resist layer at least at 
the opposing face. \ 

23. A method for making a perpendicular magnetic 
recording head according to \ciaim 20, wherein, in said step 
(i) , the opening has a width \in the track width direction 
increasing toward the top of the resist layer at least at 
the opposing face. \ 



24. A method for making a Vperpendicular magnetic 
recording head according to Claim 18, wherein the plating 
base layer comprises a nonmagnetic metal material . 



